The 16s ribosomal DNA-based phylogenetic positions of various members of the Methylococcuceue (group I methadotrophs) were investigated. The Methylococcuceue as a whole formed a distinct branch in the gamma subdivision of the Proteobucteria, and this branch had five distinct subbranches. On the basis of a number of phenotypic traits, phospholipid fatty acid patterns, and the results of a 16s ribosomal DNA analysis, we determined that the species belonging to one subbranch, Methylobucter ulbus, Methylobucter agilis, and Methylobucter peZugicus, formed a distinct group that could be differentiated from other members of the genus Methylobucter, which grouped in an adjacent subbranch. We propose that these species belong to a new taxon, Methylornicrobiurn gen. nov.
Methanotrophs are organisms which obligately use C, compounds, primarily methane, as sources of carbon and energy. Recently, workers have tried to clarify methanotroph relationships and have found that several methanotroph species are invalid and that the intergeneric relationships of these organisms are rather chaotic. Methanotrophs have been difficult to identify conclusively because information concerning their phenotypic and chemotaxonomic properties is limited. This has led to nomenclatural problems, especially problems concerning assignment of species to genera. Using a more thorough polyphasic taxonomic approach, workers have evaluated the species and genus organization of the methanotroph groups and have redefined several species and genera. This has resulted in emendation of the description of the genus Methylococcus and creation of the genus Methylobacter. The group I1 methanotrophs were elevated to official status in the form of the genera Methylocystis and Methylosinus (2) . In this study we found that analysis of phospholipid fatty acid profiles was the best technique for identifying methanotrophs to the genus level; the results of phospholipid fatty acid profile analyses, in association with key phenotypic traits, could be used for effective identification of the various methanotrophic species. The phylogenetic relationships of various methanotrophs have also been investigated by using 5s rRNA sequence analysis (1) and 16s rRNA sequence analysis (3, 4). These sequence analyses revealed that there is significant heterogeneity among the members of the Methylococcaceae (group I methanotrophs), which apparently was reflected by the chaotic state of methanotroph nomenclature at the time of the studies. Although recent nomenclatural changes (2) have corrected some of the problems, in this study we used phylogenetic analysis to confirm and evaluate the recent nomenclatural changes made to members of the Methylococcaceae and to determine if additional nomenclatural changes are necessary.
All Methylomonas and Methylobacter strains except Methylobacter pelagicus strains were grown on nitrate mineral salts agar (2) under a methane-air-CO, (5:4:1) atmosphere at 28°C. Methylococcus strains were grown at 45°C. Methylobacter pelagicus NCMB 2265T (T = type strain) was grown on nitrate mineral salts medium that was prepared with seawater, solidified with 1.0% (wthol) agarose, and incubated at 22 to 25°C. Genomic DNA was obtained from cells by freezing and thawing; centrifugation was used to remove cell debris. In vitro amplification of 16s ribosomal DNA genes and subsequent sequencing of the amplicon were performed as described by Fuerst et al. (7) . The regions of the 16s ribosomal DNA sequences that could be aligned unambiguously (also referred to as the eubacterial mask) as described by Lane (8) were aligned; each sequence included 1,298 nucleotides. The PHYLIP (version 3.4) software package was used to determine evolutionary distances by the maximum-likelihood procedure. A phenogram was then constructed by using the Fitch-Margoliash algorithm (6) . Sequences for the following organisms were determined in this study: Methylococcuceue phylogeny. The taxonomic relationships of previously described group I methanotrophs that were classified as members of the family Methylococcaceae (2) were investigated by comparing their 16s ribosomal DNA sequences. This form of analysis was also used to fully confirm and justify previous taxonomic proposals (2) . Figure 1 shows an unrooted phylogenetic tree in which the Methylococcaceae forms a distinct line of descent within the gamma subdivision of the Proteobacteria. The closest relatives of the Methylococcaceae clade included the genera Legionella and Coxiella, various free-living and endosymbiotic chemoautotrophic bacteria, and, slightly more distantly, the Halomonadaceae.
On the basis of phylogenetic analysis data we divided the Methylococcaceae into five subbranches (Fig. 1) . The first subbranch included the moderately thermophilic Methylococcus species, including Methylococcus capsulatus and Methylococcus thermophilus. Strain JB140, which is no longer extant, was isolated from river mud and was able to grow on a wide variety of C, compounds. The second subbranch included the methanotrophic endosymbiont of a mytilid found growing in hydrocarbon cold seeps on the Louisiana Slope in the Gulf of Mexico (5); the length of this subbranch clearly shows that the methanotrophic endosymbiont represents a distinct genus, and research is being performed with other similar strains to confirm this (5). The third subbranch included desiccation cyst-forming species belonging to the genus Methylobacter. The results of DNA-DNA hybridization experiments have shown previously that Methylobacter whittenbulyi and "Methylobacter vinelandii" are closely related; in fact, "Methylobacter vinelandii" has been declared a synonym of Methylobacter whittenbulyi (2) . Some strains of "Methylobacter bovis" have also been found to be phenotypically diverse, and "Methylobacter bovis" (type strain, IMV-B 3098) has been found to be a synonym of Methylobacter luteus (2) . "Methylobacter bovis" 93, whose sequence was determined by Brusseau et al. (4) , is more closely related to Methylobacter whittenbulyi, as is "Methylobacter bovis" IMET-10593 (2). The fourth subbranch included noncyst-forming Methylobacter species; on the basis of the results of our phylogenetic analysis and after consideration of other pertinent characteristics, these species did not seem to be related to other Methylobacter species at the genus level (see below). The final subbranch included the carotenoid-containing Methylomonas species, including the pink-pigmented species, Methylomonas methanica and two orange-pigmented species, Methylomonas aurantiaca and Methylomonas fodinarum. The results of our phylogenetic analysis placed "Methylomonas rubra" ACM 3303 adjacent to the orange-pigmented species, while the unusual glucose-metabolizing variant strain 761M (9) is quite distinct; this organism may represent a distinct species. A previous numerical analysis revealed that "Methylomonas rubra" ACM 3303 is essentially indistinguishable phenotypically from Methylomonas methanica (2). More intensive DNA-DNA hybridization analyses must be performed to fully elucidate the exact taxonomic status of Methylomonas sp. strain 761M and "Methylomonas rubra" strains.
Proposal for Methylomicrobium gen. nov. The results of a previous 5 s rRNA analysis indicated that the species Methylobacter agilis and Methylobacter albus are quite distinct from other Methylobacter species (2). These species and the marine species Methylobacter pelagicus can be distinguished readily from other Methylobacter species by using key differential traits ( Table 1 ). The most important features which characterize these species includes their inability to form cysts, their lack of pigmentation, and the presence of a distinct phospholipid fatty acid profile. The phospholipid fatty acid profile, with its low level of tetradecanoate (<2%), distinguishes the organisms that do not form cysts from Methylomonas spp., while the high levels of different 16-carbon monoenoic fatty acids distinguish them from Methylobacter and Methylococcus spp. On the basis of these differences, the species Methylobacter agilis, Methylobacter albus, and Methylobacter pelagicus form a distinct genus, for which we propose the name Methylomicrobium gen. nov.
Description of Methylomicrobium gen. nov. Methylomicrobium (Me. thyl.o.mi. cro'bi.um. Fr. n. rne'thyle, methyl radical; Gr. adj. micros, small; Gr. n. bios, life; M. L. neut. n. Methylomicrobium methyl microbe). Gram-negative rods that are 0.5 to 1.0 pm wide and 1.5 to 2.5 pm long. Cells are motile by means of a single polar flagellum, reproduce by binary fission, and do not contain cysts or other resting bodies. Colonies are either translucent and nonpigmented or opaque white. Strictly aerobic chemoheterotrophs which utilize methane and methanol. Some strains can utilize mono-and dimethylated amines as sole carbon and energy sources. No carbon-carbon-bonded compounds are utilized. No growth occurs on organic media. Dissimilatory methane oxidation is associated with intracytoplasmic membranes which have the appearance of stacks of vesicular discs. Strains do not fix nitrogen and do not contain Benson-Calvin cycle enzymes. The major fatty acids include a variety of 16-carbon monoenoic fatty acids; significant levels of tetradecanoate are not present. The major respiratory quinone is ubiquinone 8. The G + C contents of the DNAs range from 49 to 60 mol% (as determined by the Ti method). 
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